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(57) The present invention relates to a conditioning
system (100) for an aircraft (200). In particular, the pre-
sent invention belongs to a conditioning system having a
pressure accumulator (13) connected to a heat recovery

circuit (8) and to a fuel conduct (3). The present invention
also relates to an aircraft comprising said conditioning
system.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a conditioning
system for an aircraft. In particular, the present invention
relates to a conditioning system having a pressure accu-
mulator connected to the heat recovery circuit and to the
fuel conduct. The present invention also relates to an
aircraft comprising said conditioning system.

BACKGROUND OF THE INVENTION

[0002] Auxiliary power units, or APUs, are well known
in the aeronautical technical field for being engines cap-
ableof supplyingenergy to functionsofanaircraft that are
not considered as propulsion functions. APUs are gen-
erally found in large aircrafts and located at/or near to the
tail cone part of these aircrafts.
[0003] Typical APUs generally comprise a power sec-
tionbeing thepower-producingsectionof theAPU,a load
compressor section providing pneumatic power for the
aircraft andagearboxsection responsible for transferring
power from themain shaft of the engine to a generator for
electrical power. APUs are also known for allowing an
aircraft to be autonomous of the external electrical and
pneumatic power sources on the ground and in-flight.
[0004] Additionally, Auxiliary Power Units in an aircraft
can be used for replacing the primary engines when they
are not running when said aircraft is on-ground. APUs
also sustain temporal power to start the primary engines
duringnormal operations, theycanbeused to replace the
power generated by primary engines when failed for
dispatchconditionsor continuously implemented for sup-
plying emergency power until the aircraft lands.
[0005] Known issues of hydrogen engine are based on
conditioning thehydrogen fuel up toambient temperature
and correct pressure in order to feed the engine of the
APU in proper conditions and, also, ensuring a secured
combustion avoiding damages in the different compo-
nents and conducts of said Auxiliary Power Unit. Due to
its storing conditions, around 20K in the aeronautic field
of technique, hydrogen is a fuel which requires particular
sizing and particular operational conditions of the system
consuming this type of fuel.
[0006] Also,additional knownproblemsofusinghydro-
gen for an engine in an aircraft is due to phase transitions
since, when stored in the aircraft before feeding the
engine, the hydrogen is in liquid phase.However, in order
for the engine of an APU to work in optimal manners, the
liquid hydrogen has to be brought through a phase tran-
sition from liquid to gas. These phase changes also
requires that the system is designed and sized in such
a way that hydrogen stays stable while its conditions
(Temperature, Pressure, Phase etc.) is changing
throughout the whole Auxiliary Power System.
[0007] However, new conditioning systems have re-
cently been provided for allowing the recycling of heat

produced by an hydrogen engine, more particularly from
exhaust gases, when implemented in an aircraft and for
sizing said system to the particular case of aircrafts, as
well as new conditioning systems capable of maintaining
the hydrogen in its optimal condition in any flight or
ground operation of an aircraft.
[0008] On the other hand and concerning the hydraulic
energy storage and absorption, accumulators are known
in a variety of forms to perform these particular functions
of storing and absorbing hydraulic energy in hydraulic
circuits.
[0009] When storing energy, the accumulators receive
pressurized hydraulic fluid for later use. Sometimes ac-
cumulator flow is added to pump flow to speed up a
process. Other times the stored energy is kept in reserve
until it is needed and may be independent of pump flow.
This could be for emergency power when pump flow is
not available. It could be used to hold pressure in a
system when pump flow has stopped by providing fluid
to compensate for leakage.
[0010] There are several ways in which accumulators
are used to absorb energy. The returning flow from a
large-bore cylinder may be greater than should be con-
ducted by the plumbing. A low-pressure accumulator can
receive a portion of the flow and then discharge it at an
appropriate rate for the plumbing. Hydraulic fluid has a
relatively high rate of thermal expansion. If a volume of
fluid is confined and unable to expand or contract due to
temperature changes, there could be very high pressure
that could damage equipment or low pressure that could
causeair bubbles in thehydraulic fluid.Accumulators can
be used to absorb the expanding fluid and/or supply the
contracting fluid. They also absorb and dissipate energy
when used to dampen pressure pulses, reducing noise
and vibration.
[0011] Accumulatorsarepreloadedso that therewill be
a minimum pressure for any available fluid. The three
types of preloading are weights, springs, and gas. Of the
three types of accumulators, only the weighted one has
constant pressure. The pressure is produced by the
weight divided by the area of the supporting piston.
Weighted accumulators are appealing from the perspec-
tive of circuit design but are not usually practical for
mobile applications. They must be mounted vertically,
they are relatively large, and they are heavy. Spring-
loaded and gas-charged accumulators weigh less, take
up less space, andcanbemountedhorizontally, although
it is preferred to mount accumulators vertically.
[0012] Gasaccumulators are sometimes referred to as
having a gas spring. In the gas accumulator category,
there are six main types: piston, noise suppressor, bel-
lows, diaphragm and bladder.
[0013] Based on the new architectures that have re-
cently been developed for conditioning systems, a re-
configuration of these conditioning systems is proposed
in this invention to provide secondary safety functions to
elements involved in thesupply andconditioningof fuel to
the APU, such as a pressure accumulator or dumper.
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SUMMARY OF THE INVENTION

[0014] The present invention provides a conditioning
system according to claim 1 and an aircraft according to
claim15. In dependent claims, preferredembodiments of
the invention are defined.
[0015] In a first inventiveaspect, the inventionprovides
a conditioning system for an aircraft, the conditioning
system comprising a power unit, a fuel conduct and a
heat recovery circuit,

the power unit comprising:

- a fuel inlet configured to supply liquid fuel to the
fuel conduct,

- an engine connected to the fuel conduct, and
- a power unit outlet configured to exhaust gases

out of the engine;

the heat recovery circuit comprising:

- a working fluid, and
- a heat exchanger connected to the power unit

outlet and being configured to transfer heat from
the exhaust gases of the engine to the working
fluid,

wherein the heat recovery circuit further comprises a
pressure accumulator connected to a section of the fuel
conduct, at least upstream of a fuel evaporation and
heating section in the power unit, through a discharge
conduct configured to discharge working fluid from the
pressure accumulator and comprising a valve configured
to control the working fluid input to the section of fuel
conduct.
[0016] The conditioning system of the present inven-
tion comprises a power unit. In some embodiments, the
power unit is an Auxiliary Power Unit, also called APU, or
any propulsion system configured for delivering power to
an aircraft or any fuel cell system. In the particular em-
bodiment of the power unit being an APU, said Auxiliary
Power Unit is configured for providing standard APU
functions which are to deliver electrical and pneumatic
power for ground operations and flight operations. Also,
the conditioning system is suitable to be installed in an
aircraft.
[0017] The conditioning system further comprises a
fuel conduct distributed throughout the conditioning sys-
tem, including the power unit, and this fuel conduct is
configured for feeding the power unit. This power unit
comprises a fuel inlet throughwhich liquid fuel is supplied
to the fuel conduct, in particular, to a section of the fuel
conduct that is comprised in the power unit. Additionally,
the power unit comprises an engine connected at the end
of the fuel conduct that is opposite to the fuel inlet; and a
power unit outlet that corresponds to the exit of the
exhaust gases coming from the engine.
[0018] The fuel provided to the fuel inlet in the power

unit is in a liquid phase and previously stored at specific
temperature and pressure conditions. In preferred em-
bodiments, the fuel is stored at a temperature in a range
from 20K to 30K. At the fuel inlet, said fuel is injected at a
temperature comprised in said temperature range.
[0019] The conditioning system further comprises a
heat recovery circuit comprising a heat exchanger that
is in charge of recovering heat from the exhaust gases of
thepowerunit. Theheat recovery circuit also comprisesa
working fluid which is to be understood as the fluid being
recirculated inside the heat recovery circuit. Also, the
heat recovery circuit is to be considered as an indepen-
dent and a closed circuit where the fuel and the working
fluid never enter in direct contact or mingle.
[0020] The working fluid of the heat recovery circuit is
constantly recycled and inmotion, while the power unit of
the conditioning system is either in operative conditions,
i.e., while is running, or while the power unit of the con-
ditioning system is not running in order to avoid that said
working fluid freezes when entering in contact with the
fuel conduct where the fuel is at a substantially lower
temperature than the temperature of the working fluid at
this specific location which is the first point of contact of
the working fluid with the fuel conduct of the power unit,
which is located near the fuel inlet of the evaporating
means.
[0021] Advantageously, the heat recovery circuit is a
heat support to the power unit and, more particularly, to
the fuel conduct.
[0022] Moreover, the heat recovery circuit further com-
prises a pressure accumulator that is connected to the
heat recovery circuit and to the fuel conduct.
[0023] Regarding to the connection of the pressure
accumulator to the heat recovery circuit, advantageously
the pressure accumulator absorbs and supplies working
fluid volumevariations in theheat recovery circuit, damps
the transient pressures in the working fluid, and provides
working fluid to the evaporation and heating section to
compensate for leakages.Theseare themainly functions
of the pressure accumulator in the heat recovery circuit.
[0024] In addition, the pressure accumulator is con-
nected to the fuel conduct, in particular, to a section of the
fuel conduct that is upstream of the fuel evaporation and
heating section included in the power unit. In the context
of the present invention, the term "upstream" should be
understoodas referring to aposition or towards aposition
closest to the fuel inlet of the power unit or the fuel inlet of
the conditioning system. On the other hand, the term
"downstream" should be understood as referring to a
position or towards a position closest to the power unit
outlet. Both terms "upstream" and "downstream" are
used in relation to the direction of fuel flow.
[0025] This connection between thepressure accumu-
lator and the section of the fuel conduct is provided by a
discharge conduct that is in charge of discharging work-
ing fluid from the pressure accumulator towards the fuel
of the fuel conduct. This dischargingconduct comprisesa
valve for controlling the amount of working fluid entering
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the section of the fuel conduct. The provision of working
fluid from the pressure accumulator to the section of the
fuel conduct allowsadvantageously cleaningandventing
the inside of the fuel conduct.
[0026] In addition, the provision of the valve in the
discharge conduct advantageously allows for the neces-
sary intake ofworking fluid to be able to stop the engine in
the power unit.
[0027] Havingapressureaccumulator in the condition-
ing system, being connected to the heat recovery circuit
and to the fuel conduct, allows the above additional
function to be carried out. Consequently, themain benefit
of this additional function for the pressure accumulator is
the weight savings at aircraft level due to the removal of
other systems and components that were responsible for
carrying out this additional function.
[0028] In a particular embodiment, the pressure accu-
mulator is further connected to the section of the fuel
conduct, at least upstream of a fuel evaporation and
heating section in the power unit, through a pressure
connection configured to transfer pressure and/or fluid
between the section of the fuel conduct and the pressure
accumulator.
[0029] This other connection between the pressure
accumulator and the section of the fuel conduct is pro-
vided by a pressure connection that is able to transfer the
pressure on the section of the fuel conduct to the pres-
sure accumulator. Advantageously, the pressure con-
nection allows keeping the pressure delta between the
fuel conduct and the inside of the pressure accumulator.
[0030] Moreover, this pressure connection is also able
to transfer fluid from the inside of the pressure accumu-
lator to the section of the fuel conduct.
[0031] This additional connection, between the pres-
sure accumulator and the section of the fuel conduct,
provided by the pressure connection replaces conven-
tional systems and their components that perform the
above functions about transferring pressure and/or fluid
and therefore also saves weight.
[0032] In aparticular embodiment,both discharge con-
duct and the pressure connection are connected to the
section of the fuel conduct upstream the fuel inlet of the
power unit. In this embodiment, the section of the field
conduct to which the pressure accumulator is connected
is placed out of the power unit, that is, before the fluid inlet
of the power inlet according to the direction in which the
fuel is flowing through the fuel conduct. Advantageously,
it is ensured that the whole section of the fuel conduct
arranged inside the power unit remains clear of H2.
[0033] In a particular embodiment, the pressure accu-
mulator is one of the following types: bellows, bladder and
diaphragm.
[0034] Preferably, the pressure accumulator is a bel-
lows type accumulator comprising:

- a housing;
- bellows and a spring, both arranged inside the hous-

ing;

- a first inlet configured to supply the housing with a
working fluid from a heat recovery circuit; and

- a second inlet configured to supply a fluid to the
bellows.

[0035] A bellows type accumulator comprises a hous-
ing that houses inside anexpandablemetal chamber that
is pre-charged with a specific fluid, so that the housing is
exposed to the high-pressure hydraulic fluid. Thewalls of
the expandable chamber do not touch the walls of the
housing, therefore there is no frictional wear as the
bellows expand and retract. They do not use elastomeric
bladders, diaphragms, or piston seals; therefore they are
not subject to the limitations of elastomers.Metal bellows
operate reliably in high temperature, extremely abrasive,
and harsh environments. The welded bellows are her-
metically sealed and can operate reliably without servi-
cing or maintenance.
[0036] In addition, the bellows type accumulator com-
prises a first inlet for the incoming working fluid from the
heat recovery circuit; and a second inlet for the incoming
fluid to the inside of the bellows or the expandable
chamber, and preferably expandable metal chamber.
Specifically, through this second inlet the inside of the
expandable chamberof thepressureaccumulator is filled
in.
[0037] The pressure accumulator also comprises a
spring configured to advantageously secure therefore
the pressure of the heat recovery circuit to be always
greater than the fuel pressure.
[0038] In a particular embodiment, the bellows type
accumulator further comprises a third inlet configured to
connect the pressure connection with the inside of the
bellows.
[0039] In a particular embodiment, the pressure con-
nection connects the pressure of the section of the fuel
conduct with the fluid pressure of the bellows of the
pressure accumulator through the third inlet, and wherein
the pressure transfer between the section of the fuel
conduct and the inside of the bellows is carried out by
fluid means with a diaphragm or by mechanical means
such as piston rod or rubber material. In thisembodiment,
the pressure connection allows transferring the pressure
of the fuel conduct to the pressure in the accumulator
keeping the pressure delta between the fuel conduct and
the fluid houses in the bellows of the pressure accumu-
lator. Furthermore, the fluid means with a diaphragm
advantageously avoids fuel leak to the pressure accu-
mulator.
[0040] In a particular embodiment, the pressure con-
nection is a pressure conduct connecting the inside of the
bellows through the third inlet with the section of the fuel
conduct, and wherein the pressure conduct comprises a
valve configured to control de passage of pressure an-
d/or fluid between the section of the fuel conduct and the
inside of the bellows. Specifically, this valve of the pres-
sure conduct allows to transfer pressure from the section
of the fuel conduct to the inside of the bellows and allows
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to discharge the bellows flow into the section of the fuel
conduct and vice versa. More particularly, said valve
transfers pressure when is closed and fluid when is
opened.
[0041] In a more particular embodiment, the fluid sup-
plied to the bellows through the third inlet is the same as
the fuel flowing through the section of the fuel conduct.
[0042] In another particular embodiment, the fluid sup-
plied to the pressure accumulator through the first inlet is
the same as the working fluid of the heat recovery circuit.
That is, the incoming fluid to the inside of the pressure
accumulator is the same as the working fluid that flows
through the heat recovery circuit.
[0043] In another embodiment, the fluid supplied to the
bellows through the second inlet is the sameworking fluid
of the heat recovery circuit. This fluid supply is performed
for the initial filling of the bellows and maintenance of the
pressure accumulator.
[0044] In a particular embodiment, the section of the
fuel conduct comprises a main channel surrounded by a
double wall volume, and wherein the fuel flows through
the main channel in operational mode.Themain channel
through which the fuel flows is surrounded with a double
wall volume. The arrangement of this double wall volume
is for safety in order to ventilate possible fuel leaks in the
main channel.
[0045] More particularly, the discharge conduct is con-
nected to the main channel and/or to the double wall
volume. In this sense, the discharge conduct is able to
provide working fluid both to the main channel and to the
double wall volume. Since the working fluid is inert, it can
be used to vent the two ducts if necessary.
[0046] In a particular embodiment, the pressure con-
nection is connected to the main channel and/or to the
double wall volume.
[0047] In a particular embodiment, the discharge con-
duct comprises an outlet port that connects the pressure
accumulator with the inside of a compartment where the
power unit is located, and wherein the outlet port com-
prises a valve configured to control the working fluid input
to the inside of the power unit compartment.
[0048] Advantageously, thisoutlet port in thedischarge
conduct provides working fluid to the fuselage compart-
ment where the power unit is placed, and also the whole
conditioning system, in caseof emergency, suchas fire in
the compartment or fuel leakage.
[0049] In a particular embodiment, the fluid of the fuel
conduct is hydrogen (H2) and/or the working fluid of the
heat recovery circuit is Nitrogen (N2), Helium (He), or a
mixture of Nitrogen (N2) and Helium (He) and/or ethylene
glycol water (EGW).
[0050] In some embodiments, the fluid of the fluid
conduct is pure hydrogen.
[0051] In someother embodiments, the fluid of the fluid
conduct is a mixture of hydrogen and fuel such as
methane, propane, butane etc. In the particular case of
the fluid of the fluid conduct being a mixture, hydrogen is
the majority of the mixture.

[0052] In a second inventive aspect, the invention pro-
vides an aircraft comprising a conditioning system ac-
cording to the first inventive aspect.

DESCRIPTION OF THE DRAWINGS

[0053] These and other characteristics and advan-
tages of the invention will become clearly understood
in view of the detailed description of the invention which
becomes apparent from a preferred embodiment of the
invention, given just as an example and not being limited
thereto, with reference to the drawings.

Figure 1 This figure shows a schematic representa-
tion of the conditioning system according to
an embodiment of the present invention.

Figure 2 This figure shows a schematic view of an
embodiment of the conditioning system ac-
cording to the present invention.

Figure 3 This figure shows a schematic view of an-
other embodiment of the conditioning sys-
tem according to the present invention.

Figure 4 This figure shows a schematic view of an-
other embodiment of the conditioning sys-
tem according to the present invention.

Figure 5 This figure shows a schematic view of an
aircraft according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0054] Figure 1 shows a schematic representation of a
conditioning system (100) for an aircraft (200) (shown in
figure 5) according to an embodiment of the invention.
[0055] In the embodiment of figure 1, the conditioning
system(100) comprisesapowerunit (1)whichcomprises
a fuel inlet (2), a fuel conduct (3), an engine (4), a power
unit outlet (5), evaporatingmeans (6) and heatingmeans
(7). In some embodiments, the power unit (1) is an
Auxiliary Power Unit or APU. In some other embodi-
ments, the power unit (1) is a propeller.
[0056] In some embodiments, the fuel is hydrogen. In
preferred embodiments, the hydrogen is stored at 20K,
before being injected into the power unit (1), and the
conditioning system (100) of the invention provides heat
to the hydrogen such that the temperature of the hydro-
gen before entering the engine (4) is constant at 288K.
Also in preferred embodiments, the fuel, preferably hy-
drogen, is injected in the conditioning system (100) at
1.25 MPa.
[0057] The fuel inlet (2) is configured to supply liquid
fuel to the fuel conduct (3) and a section of the fuel
conduct (3), which is placed in the power unit (1), con-
nects the fuel inlet (2) to the engine (4). The engine (4)
comprises an inlet (4.1) and an outlet (4.2) connected to
the power unit outlet (5). The power unit outlet (5) is
configured to exhaust gases out of the engine (4). In
particular embodiments, the engine (4) is a gas turbine.
[0058] Then, in the embodiment of figure 1, the eva-
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porating means (6) are connected to the fuel inlet (2) by
the fuel conduct (3) and comprise a fuel inlet (6.1) and a
fuel outlet (6.2). The evaporating means (6) are config-
ured tosupplyheat to the fuel of the fuel conduct (3)and to
turn the fuel of the fuel conduct (3) from liquid form into
gas form. In someembodiments, the fuel injected into the
evaporatingmeans (6) is completely turned into gas form
at the fuel outlet (6.2) of the evaporating means (6).
[0059] Also in figure 1, the power unit (1) of the con-
ditioning system (100) also comprises heatingmeans (7)
located downstream the evaporating means (6). The
heating means (7) comprise a fuel inlet (7.1) connected
to the fuel outlet (6.2) of theevaporatingmeans (6) thanks
to the fuel conduct (3) and the heating means (7) also
comprise a fuel outlet (7.2). The heating means (7) are
configured to supply heat to the fuel of the fuel conduct
(3). In particular, the heating means (7) provides addi-
tional heat to the fuel of the fuel conduct (3). The heating
means (7) are considered a support to the conditioning
system (100) in such a way that, when the engine is not
running yet, the heat provided to the fuel of the fuel
conduct (3) comes from the heating means (7) and, later
when the conditioning system (100) is in full operative
mode, the heat transferred from the working fluid of the
heat recovery circuit (8) to the fuel of the fuel conduct (3)
is covering the total heat required for heating the fuel of
the fuel conduct (3) in such a way that the heatingmeans
(7) provided heat decreases until the heating means (7)
can be stopped.
[0060] In someother embodiments, theheatingmeans
(7) are located upstream the evaporating means (6).
[0061] In some embodiments, the heating means (7)
are providedwith a dedicated battery so that the function-
ing of the heating means (7) is independent of the rest of
elements of the conditioning system (100).
[0062] Also in some embodiments, the evaporating
means (6) and the heating means (7) are encapsulated
in order to avoid leakage outside the encapsulation of the
evaporating means (6) and/or the heating means (7)
which would damage the rest of the conditioning system
(100).
[0063] Back to the embodiment of figure 1, the fuel
conduct (3) connects the fuel outlet (7.2) of the heating
means (7) to the inlet (4.1) of the engine (4).
[0064] In some embodiments, the fuel conduct (3)
between the heating means (7) and the engine (4) is a
flexible hose.
[0065] The conditioning system (100) depicted in fig-
ure 1 also comprises a heat recovery circuit (8). The heat
recovery circuit (8) comprises a heat exchanger (9) in
fluid communication with the evaporatingmeans (6), and
a working fluid. The working fluid is running along the
whole heat recovery circuit (8) at a working fluid pressure
reference value PWF.
[0066] The heat recovery circuit (8) is also configured
to supply theworking fluid heat from the exhaust gases of
the power unit (1) to the fuel of the fuel conduct (3) by
meansof evaporatingmeans (6). That is, the fuel conduct

(3) of the evaporating means (6) and the heat recovery
circuit (8) sharecommonsurfaces inorder to transfer said
heat recycled from the heat recovery circuit (8). Advan-
tageously, the heat exchanger (9) covers the entire per-
pendicular cross-section of the power unit outlet in order
to exploit the most heat from the exhaust gases gener-
ated the functioning of the power unit (1).
[0067] The heat exchanger (9) is connected to the
power unit outlet (5) and comprises an inlet (9.1) and
an outlet (9.2). The heat exchanger (9) is configured to
transfer heat from the exhaust gases of the power unit
outlet (5) to the working fluid located inside the heat
recovery circuit (8). The heat exchanger (9) is also con-
figured to supply the working fluid from the heat exchan-
ger (9) to the evaporatingmeans (6) and the evaporating
means (6) are configured to supply the working fluid heat
from theworking fluidof theheat recovery circuit (8) to the
fuel of the fuel conduct (3). According to an embodiment,
the heat exchanger (9) length ensures that the pressure
drop is minimized. More particularly, the heat exchanger
(9) is a pillow plate heat exchanger, or PPHE.
[0068] Preferably, the heat exchanger (9) is configured
for covering the whole area of the power unit outlet (5) so
that the maximum heat is generated from the exhaust
gases of the engine (4) and transferred to the working
fluid of the heat recovery circuit (8).
[0069] Theheat exchanger (9) is started-up as soon as
the power unit (1) is running in order to acquire heat from
the exhaust gases of the power unit outlet (5) at the
earliest time, or before running the engine (4), so that
theheat recovery circuit (8) providesheat to the fuel of the
fuel conduct (3) by means of the working fluid and the
evaporating means (6) as soon as possible, thus, aiming
in shutting off the heating means (7) in the shortest time
possible once the evaporating means (6) are capable of
independently provide heat to the fuel of the fuel conduct
(3) required for the engine (4) of the power unit (1) to
reachoperative conditionswithout support from theheat-
ing means (7). That is, when the fuel reaches a tempera-
ture between 225K and 330K.
[0070] Also preferably, the working fluid of heat recov-
ery circuit (8) isNitrogen (N2) orHelium (He), or amixture
of Nitrogen (N2) and Helium (He), and/or ethylene glycol
water (EGW).
[0071] Also depicted in the embodiment of figure 1, the
heat recovery circuit (8) comprises first pumping means
(12) located downstream the evaporating means (6)
which actuates over the circulation flow of the working
fluid inside the heat recovery circuit (8). The functioning
and control of the first pumping means (12) are indepen-
dent from the engine (4). In the same embodiment, the
heat recovery circuit (8) shows pressure accumulator
(13) located downstream the first pumping means (12)
and configured for regulating pressure of the working
fluid inside the heat recovery circuit (8). Also, the first
pumpingmeans (12) help providing theminimumdelta of
pressure necessary for theworking fluid to flow inside the
heat recovery circuit (8).
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[0072] In some embodiments, the pressure of the
working fluid is higher than the pressure of the fluid of
the fluid conduct (3).
[0073] Also in the embodiment shown in figure 1, the
heat recovery circuit (8) comprises a first bypass conduct
(14) configured to connect a first portion of the heat
recovery circuit and a secondportion of the heat recovery
circuit. The first portion is located upstream the inlet (9.1)
of the heat exchanger (9) and the second portion of the
second conduct is located downstream the outlet (9.2) of
the heat exchanger (9).
[0074] In preferred embodiments, the heat exchanger
(9) is a pillow plate heat exchanger type. Pillow plate heat
exchangersprovidehighperformance in amore compact
structure and lower weight than common heat exchan-
gers while providing good structural stability.
[0075] In some other embodiments, the heat recovery
circuit (8) comprises a second bypass conduct config-
ured to connect a third portion of the heat recovery circuit
(8) and a fourth portion of the heat recovery circuit (8).
The third portion is located between the evaporating
means (6) and the first portion of the heat recovery circuit
(8), and the fourth portionof theheat recovery circuit (8) is
located between the second portion of the heat recovery
circuit (8) and the evaporating means (6).
[0076] In the embodiment of figure 1, the conditioning
system (100) further comprises second pumping means
(10) and a valve (11), both configured to supply fuel to the
power unit (1). In particular, the second pumping means
(10)helpsmaintainingpressureof fuel injection inside the
power unit (1) at the inlet (2). Also, the valve (11) allows
opening and closing the conditioning system (100) in
case of performingmaintenance or in any event requiring
closing the fuel entry in the power unit (1).
[0077] Also in the embodiment depicted in figure 1, the
second pumping means (10) and the valve (11) are
encapsulated which avoid any leakage of fuel outside
of the encapsulated areawhen both the second pumping
means (10) and the valve (11) are considered critical
elements with high risk of leakage.
[0078] In some embodiments, the fuel conduct (3) of
the evaporating means (6) and the heat recovery circuit
(8) are mounted in counterflow. By mounting the fuel
conduct (3) and the heat recovery circuit (8) in counter-
flow, the conditioning system (100) improves the heat
exchange between the fuel of the fuel conduct (2) and the
working fluid of the heat recovery circuit (8) such that at
the temperature of the working fluid is higher when in
contactwith the fuel outlet (6.2) of the evaporatingmeans
(6) and the temperature of theworking fluid is lower in the
portion of the heat recovery circuit (8) in contact with the
fuel inlet (6.1) of the evaporating means (6). Advanta-
geously,with counterflow, thedeltaof temperature for two
corresponding points between the temperature of the
working fluid and the temperature of the fuel inside the
evaporating means (6) is positive which ensures optimal
heat transfer from the working fluid to the fuel.
[0079] In accordancewith figure1and in particularwith

the present invention, the pressure accumulator (13) is
connected to a section (3.1) of the fuel conduct (3) up-
stream the fuel inlet (2) of the power unit (1). That is, the
fuel conduct (3) is arranged along the conditioning sys-
tem (100) so that part of this fuel conduct (3) being placed
inside the power unit (1) y the rest of the fuel conduct (3)
being placed outside the power unit (1) or upstream the
fuel inlet (2) of this power unit (1). The pressure accu-
mulator (13) is connected to the mentioned section (3.1)
of the fuel conduct (3) for the fluid exchange between the
pressure accumulator (13) and the section (3.1) of the
fuel conduct (3) ina regularwayasshown throughavalve
(V). The pressure accumulator (13) is connected to the
fuel conduct section (3.1) as described below with refer-
ence to figures 2 to 4.
[0080] Figures2 to4showapressureaccumulator (13)
that is a bellows type accumulator. This pressure accu-
mulator (13) comprises a housing (13.1) that housed
inside bellows (13.2) and a spring (13.3). The pressure
accumulator (13) further comprises a first inlet (13.4) that
connects the housing (13.1)with the heat recovery circuit
(8), thus allowing to supply the housing with working fluid
from the heat recovery circuit (8). In addition, the pres-
sure accumulator (13) also comprises a second inlet
(13.5) suitable for supplying fluid to the inside of the
bellows (13.2) for initial filling and maintenance of the
pressure accumulator (13). Specifically on figure 2,
through this second inlet (13.5) the inside of the bellows
(13.2) is filled with the same working fluid of the heat
recovery circuit (8).
[0081] Furthermore, the section (3.1) of the fuel con-
duct (3) that is shown in these figures 2 to 4 is formed by a
main channel (3.1.1) and a double wall volume (3.1.2)
surrounding the main channel (3.1.1). The fuel flows
through the main channel (3.1.1.) in operative mode
and the direction of the fuel flowing is represented with
the fuel arrow (F).According to theembodiments of these
figures 2 to 4, the fuel is hydrogen.
[0082] Figure 2 shows an embodiment of the pressure
accumulator (13) connected to thesection (3.1)of the fuel
conduct (3) upstream the fuel inlet of the power unit (not
shown in this figure). According to the embodiment of this
figure 2, the pressure accumulator (13) is connected to
the section (3.1) of the fuel conduct (3) through a dis-
charge conduct (15) for discharging working fluid, from
the inside of the housing (13.1) of the pressure accumu-
lator (13) and coming from the heat recovery circuit (8) to
the inside of the section (3.1) of the fuel conduct (3). That
is, theworking fluid that is already supplied to the insideof
the housing (13.1) through the first inlet (13.4) and from
the heat recovery circuit (8) is the fluid that is discharged
from the pressure accumulator (13) through the dis-
charge conduct (15). Specifically, the discharge conduct
(15) comprises a valve (15.1) that regulates the working
fluid input to the inside of the section (3.1). Furthermore,
the pressure accumulator (13) comprises an outlet (13.7)
that connects the inside of the housing (13.1) with the
discharge conduct (15).
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[0083] The discharge conduct (15) is connected to the
main channel (3.1.1) and to the double wall volume
(3.1.2). The discharged working fluid is represented by
the first arrows (F1) in dashes as shown in figure 2. The
working fluid that is discharged from the pressure accu-
mulator (13) to the section (3.1) of the fuel conduct (3)
allowsventingandcleaning the insideof thesection (3.1),
both themain channel (3.1.1) and the doublewall volume
(3.1.2). In addition, the discharge of working fluid through
the fuel conduct (3) allows stopping the engine (4) of the
power unit (1) (not shown in figure 1).
[0084] Figures 3 and 4 show embodiments of the
pressure accumulator (13) connected to the section
(3.1) of the fuel conduct (3) upstream the fuel inlet of
the power unit (not shown in this figure). According to
these embodiments, the pressure accumulator (13) is
connected to the section (3.1) of the fuel conduct (3)
through a discharge conduct (15) as already described
above for figure2andalso throughapressureconnection
(16) for transferring pressure and/or fluid between the
section (3.1) of the fuel conduct (3) and the pressure
accumulator (13). Both figures 3 and 4 show that the
pressure accumulator (13) comprises a third inlet (13.6)
that connects the pressure connection (16) with the in-
side of the bellows (13.2).
[0085] In the embodiment shown in figure 3, the pres-
sure connection (16) is a pressure conduct (16.1) that
connects the inside of the bellows (13.2) of the accumu-
lator (13) through the third inlet (13.6) with the inside of
themain channel (3.1.1) and/or to the doublewall volume
(3.1.2). This pressure connection provided by the pres-
sure conduct (16.1) allows transferring pressure from the
section (3.1) of the fuel conduct (3) to the inside of the
bellows (13.2) and/or to discharge the bellows (13.2) flow
into the section (3.1) of the fuel conduct (3) or vice versa.
Specifically, the pressure conduct (16.1) comprises a
valve (16.1.1) that controls the passage of fluid between
the main channel (3.1.1) and/or the double wall volume
(3.1.2) and the insideof thebellows (13.2) of thepressure
accumulator (13). The discharged fluid from the bellows
(13.2) is representedby thesecondarrows (F2)asshown
in figure 3. In addition, this valve (16.1.1) may control the
passage of pressure between the main channel (3.1.1)
and the inside of the bellows (13.2). In a more particular
embodiment, the valve (16.1.1) allows the passage of
pressurewhen it is closed and allows the passage of fluid
when it is opened. In this figure 3, the valve (16.1.1) is
considered opened since fluid from the bellows (13.2) is
flowing through the main channel (3.1.1) and the double
wall volume (3.1.2).
[0086] Furthermore, according to the embodiment
shown in figure 3, the fluid that is supplied to the inside
of the bellows (13.2), through the third inlet (13.6) that
connects to the pressure connection (16), is hydrogen
(the same that flows through the main channel (3.1.1) of
the section (3.1) of the fuel conduct (3)).
[0087] In the embodiment shown in figure 4, the pres-
sure connection (16) allows transferring the pressure

from the main channel (3.1.1) of the fuel section (3.1)
to the inside of the bellows (13.2) through the third inlet
(13.6). In an embodiment (not shown), the pressure
connection (16) is fluid means with a diaphragm or me-
chanical means such as piston rod or rubber material.
[0088] The pressure exchange between the main
channel (3.1.1) of the section (3.1) of the fuel conduct
(3) and the bellows (13.2) of the pressure accumulator
(13) allows keeping the pressure delta between the sec-
tion (3.1) of the fuel conduct (3) and the fluid houses in the
bellows (13.2).
[0089] Figure 4 further shows the discharge conduct
(15) with an outlet port (15.2) connecting the pressure
accumulator (13) with the inside of a compartment where
the power unit (not shown) is located. This outlet port
(15.2) has a valve (15.3) that controls the passage of
working fluid from thepressure accumulator (13) towards
the power unit compartment.
[0090] Figures 2 to 4 shows a pressure measurement
(P) arranged at the second inlet (13.5) of the pressure
accumulator (13) and being configured to monitor the
pressure inside the bellows (13.2). In addition, there is
another pressure measurement (P) arranged at the heat
recovery circuit (8) near the first inlet (13.4) of the pres-
sure accumulator (13) that connects the inside of the
housing (13.1) with the heat recovery circuit (8). This
pressuremeasurement (p) arranged in the heat recovery
circuit (8) monitors the pressure of the working fluid
flowing through the heat recovery circuit (8).
[0091] Figure 5 shows an aircraft (200) comprising a
conditioning system (not shown) as any one of the em-
bodiments described above.

Claims

1. -A conditioning system (100) for an aircraft (200), the
conditioning system (100) comprising a power unit
(1), a fuel conduct (3) and a heat recovery circuit (8),

the power unit (1) comprising:

- a fuel inlet (2) configured to supply liquid
fuel to the fuel conduct (3),
- an engine (4) connected to the fuel con-
duct (3), and
- a power unit outlet (5) configured to ex-
haust gases out of the engine (4);

the heat recovery circuit (8) comprising:

- a working fluid, and
- a heat exchanger (9) connected to the
power unit outlet (5) and being configured
to transfer heat from the exhaust gases of
the engine (4) to the working fluid,

wherein the heat recovery circuit (8) further com-
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prises a pressure accumulator (13) connected to a
section (3.1) of the fuel conduct (3), at least upstream
of a fuel evaporation (6) andheating (7) section in the
power unit (1), through a discharge conduct (15)
configured to discharge working fluid from the pres-
sure accumulator (13) and comprising a valve (15.1)
configured to control the working fluid input to the
section (3.1) of fuel conduct (3).

2. - The conditioning system (100) according to the
previous claim, wherein the pressure accumulator
(13) is further connected to the section (3.1) of the
fuel conduct (3), at least upstream of a fuel evapora-
tion (6) andheatingsection (3.1) in thepowerunit (1),
through a pressure connection (16) configured to
transfer pressure and/or fluid between the section
(3.1) of the fuel conduct (3) and the pressure accu-
mulator (13).

3. - The conditioning system (100) according to the
previous claim, wherein both discharge conduct
(15) and thepressure connection (16) are connected
to the section (3.1) of the fuel conduct (3) upstream
the fuel inlet (2) of the power unit (1).

4. - Theconditioningsystem(100)according toanyone
of the previous claims, wherein the pressure accu-
mulator (13) is of one of the following types: bellows,
bladder and diaphragm.

5. - Theconditioningsystem(100)according toanyone
of claims1‑4,wherein the pressure accumulator (13)
is a bellows type accumulator comprising:

- a housing (13.1);
- bellows (13.2) and a spring (13.3), both ar-
ranged inside the housing (13.1);
- a first inlet (13.4) configured to supply the
housing (13.1) with a working fluid from a heat
recovery circuit (8); and
-asecond inlet (13.5) configured tosupplyafluid
to the bellows (13.2).

6. -The conditioning system (100) according to any one
of claims 2‑3 and 5, wherein the bellows type accu-
mulator (13) further comprises a third inlet (13.6)
configured to connect the pressure connection
(16) with the inside of the bellows (13.2).

7. - The conditioning system (100) according to the
previous claim, wherein the pressure connection
(16) connects the pressure of the section (3.1) of
the fuel conduct (3) with the fluid pressure of the
bellows (13.2) of the pressure accumulator (13)
through the third inlet (13.6), and wherein the pres-
sure transfer between the section (3.1) of the fuel
conduct (3) and the inside of the bellows (13.2) is
carried out by fluid means with a diaphragm or by

mechanical means such as piston rod or rubber
material.

8. - The conditioning system (100) according to claim6,
wherein the pressure connection (16) is a pressure
conduct (16.1) connecting the inside of the bellows
(13.2) through the third inlet (13.6) with the section
(3.1) of the fuel conduct (3), and wherein the pres-
sure conduct (16.1) comprises a valve (16.1.1) con-
figured to control the passage of pressure and/or
fluid between the section (3.1) of the fuel conduct (3)
and the inside of the bellows (13.2).

9. - Theconditioningsystem(100)according toanyone
of claims 6‑8, wherein the fluid supplied to the bel-
lows (13.2) through the third inlet (13.6) is the same
as the fuel flowing through the section (3.1) of the fuel
conduct (3).

10. - Theconditioningsystem(100)according toanyone
of the previous claims, wherein the section (3.1) of
the fuel conduct (3) comprises a main channel
(3.1.1) surrounded by a double wall volume
(3.1.2), and wherein the fuel flows through the main
channel (3.1.1) in operational mode.

11. - The conditioning system (100) according to the
previous claim, wherein the discharge conduct
(15) is connected to the main channel (3.1.1) and/or
to the double wall volume (3.1.2).

12. - The conditioning system (100) according to claim 2
and any one of claims 3‑11, wherein the pressure
connection (16) is connected to the main channel
(3.1.1) and/or to the double wall volume (3.1.2).

13. - Theconditioningsystem(100)according toanyone
of the previous claims, wherein the discharge con-
duct (15) comprises an outlet port (15.2) that con-
nects the pressure accumulator (13) with the inside
of a compartmentwhere thepower unit (1) is located,
and wherein the outlet port (15.2) comprises a valve
(15.3) configured to control the working fluid input to
the inside of the power unit (1) compartment.

14. - Theconditioningsystem(100)according toanyone
of the previous claims, wherein the fluid of the fuel
conduct (3) is hydrogen (H2) and/or the working fluid
of the heat recovery circuit (8) is Nitrogen (N2),
Helium (He), or a mixture of Nitrogen (N2) and He-
lium (He) and/or ethylene glycol water (EGW).

15. - Aircraft (200) comprising a conditioning system
(100) according to any of the previous claims.
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